Meat preservation depends, fundamentally, on the inhibition of micro6rganic growth. Organisms concerned in meat spoilage may enter the product during its handling or may be in the tissues or blood of the live animal. The question of whether or not bacteria are present in the organ tissues of healthy animals at the time of slaughter has a direct bearing upon packing house practice. The literature leaves this problem in an unsatisfactory state. The observations recorded in this paper are part of a series of studies on the bacteriology of meat spoilage carried out in this laboratory under a Fellowship established by Dr. Arthur Lowenstein and in co6peration with the Institute of American Meat Packers.
REVIEW OF THE LITERATURE
A number of investigations to determine whether or not bacteria are normally present in the tissues of apparently healthy animals were reported before 1912, principally by German workers, but very few reports are found in the literature of more recent years. Many of the early workers (e.g., v. Fodor, 1884; Hauser, 1886; Neisser, 1896; Opitz, 1898; and Selter, 1906) believed the tissues of healthy animals to be sterile. Messner (1910) found no bacteria in 145 samples of flesh of "normal" slaughter animals. Zwick and Weichel (1911) (1899) found a variety of microorganisms in the spleen of healthy dogs, rabbits, and guinea pigs. Ford (1901) examined 96 samples of kidney and liver from 34 rabbits, guinea pigs, cats, and dogs and found bacteria in 70 per cent of the samples. Boni (1901) examined the lungs of 20 hogs for aerobes and found 14 positive (70 per cent), while among 10 lungs of guinea pigs 2 were positive (20 per cent). Quensel (1902) found 30 per cent of 94 normal bronchial lymph nodes from horses, cattle, sheep, and hogs to contain aerobic bacteria; the lungs of 42 "normal" slaughtered animals contained bacteria in 90 per cent of the samples. Saski (1908) examined 8 organs from guinea pigs and mice and isolated 39 strains of bacteria from them, of which 21 were facultative anaerobes, 10 strict anaerobes, and 8 strict aerobes. Conradi (1908) examined 162 samples of muscle, liver, kidney, lung, lymph node, and spleen from 150 slaughtered cattle and hogs, and found that 72 were not sterile (40 per cent). Thirty of these gave anaerobic growth. Wolbach and Saiki (1909) All of these investigations were made with samples taken from killed animals. Although several investigators have suggested that bacteria probably are present in the tissues of live animals, we have found no reports of work done with samples taken while the animals were alive.
The question naturally arises how bacteria may gain entrance to the body tissues. Those of the above mentioned workers who have expressed their opiniion regarding the probable source of the organisms found seem to be agreed that bacteria do not live and propagate in normal tissue in vivo. Some (Saski, Conradi, Selter) offer the explanation that bacteria are constantly invading the circulation from the intestinal tract, but are filtered out in a very short time by such organs as lymph nodes, liver, and lungs, and may be withheld in these tissues for some time. Others (Amako, Zwick and Weichel, Bugge and Kiessig, Grunt) think that the presence of bacteria in the tissues of freshly slaughtered animals is due to contamination during the manipulations of slaughtering, such as through the stick wound, and as a result of mechanical pressure on the carcasses.
Bacteria might enter the body tissues from a number of sources, such as the alimentary canal, focal infections, the skin, the urogenital canals, and other mucous membranes. On the basis of many reports (e.g., Wyssokowitsch, 1886; Neisser, 1896; Th6le, 1912; Haas, 1922) we may infer that bacterial invasion from the healthy intestinal tract is not a common occurrence, but that it readily takes place under conditions of more or less severe pathological alterations of the intestinal wall (Waterhouse, 1890; Maklezow, 1897; Buchbinder, 1900; Erkes, 1918) . However, it is generally agreed (Welch, 1891; Schott, 1901; Klimenko, 1904; Moody and Irons, 1923 ) that a perfectly healthy intestinal wall is rare, even in apparently healthy animals, and it is therefore probable that bacterial invasion from the intestinal tract takes place in animals of apparently good health.
The combined experimental and clinical data recorded by a number of investigators (e.g., Rosenow, 1912 Rosenow, , 1919 Davis, 1912; Billings, 1914; Irons, 1921 Irons, , 1924 Haden, 1925) enable us to assume that focal infections offer ample opportunity for the penetration of bacteria into the blood circulation of apparently healthy animals, and the same assumption may hold for other possible portals of entry (Garr6, 1885; Manfredi, 1899; Thiele and Embleton, 1913-14; Maxcy, 1919; Strauss, 1924) .
JOURNAL OF BACTURJOLOGY, VOL. XII, NO. 5 This work is an outgrowth of attempts to determine the bacterial flora of good and sour hams. In our earlier experiments (Reith, 1926) we found bacteria present in all chilled and nonchilled fresh hams examined from slaughter houses. On the theory that bacteria might enter the hams during the handling of the carcasses on the killing floor, especially during scalding and d'ehairing, samples of hams were taken from various stages in operation and examined for bacteria. In addition, samples of thigh muscles and blood of live hogs, rabbits, and guinea pigs were examined.
The media employed were those in ordinary use, titrated to pH 7.4. Sugar media were prepared with 1. per cent of test substance. All tubes and flasks of medium, except aerobic slants, were boiled for ten minutes followed by cooling to 40°C. immediately before inoculation. Anaerobic cultures were sealed with a layer of vaseline.
The stages in killing floor operations from which the samples were taken were (a) before scalding, (b) after scalding, and before dehairing, and (c) immediately after dehairing.
Light weight and apparently sound hogs were selected, and 24 hams, 8 from each stage in the operation, were examined. The non-scalded carcasses were cleaned thoroughly with hot water, and the hams were skinned before removal from the carcasses; the scalded carcasses were cleaned and scraped by hand before cutting off the hams. All hams were taken directly to the laboratory. Samples were obtained within one hour after killing. The hams were sectioned at about one to two inches below the symphysis pubis, and the whole cut surface of the upper portion was seared with the direct flame of a Bunsen burner. Suitable sample areas were chosen, the seared crust was removed with sterile instruments from these areas and a new fresh surface seared in the same manner. Approximately 3-gram samples of muscle were then excised aseptically from these twice seared areas and were distributed as follows:
1. One gram portions inoculated into beef heart medium.
2. The remainder ground aseptically with 5 cc. of 0.5 per cent salt solution and distributed, (a) a few drops to a blood agar slant, (b) 0.5 cc. to each of several glucose agar shakes, (c) the remainder heated at 80°C. for ten minutes, then cultured in (1) plain agar slants, (2) glucose agar shakes.
The cultures were incubated at 37°C. and the presence or absence of growth was recorded after three, seven and fourteen days. Results are summarized in table 1 together with the results of our earlier work.
There is a higher percentage of total growth in the samples from the hams taken before scalding, and the lowest percentage is obtained from the hams which had just passed through the de- Live animals Having found bacteria in hams in all stages of the killing floor operations our next step was to examine muscle and blood samples from living animals. Adult guinea pigs and rabbits, and hogs weighing from 53 to 76 pounds were used. The operations were performed with special precaution against contamination. The instruments were autoclaved for one-half hour at 20 pounds' pressure; the work was done at night to minimize the danger of contamn ation from dust; the floor and tables of the room were washed with lysol solution; the animals were thoroughly washed with soap and shaved; and the area of operation was swabbed with mercurochrome. The media used had been incubated for four days after sterilization to test their sterility.
The animals were anaesthetised with ether and an incision was made on the inner side of the thigh. Having removed the fascia, a strip of muscle (M. gracilis) was cut out and placed in a Petri dish. Approximately 1 gram samples were cultured in each of 3 beef heart tubes and in 3 tubes of broth, in 50 cc. quantities, containing a few grams of ground beef heart. The blood was drawn aseptically directly from the heart and was distributed in 1 cc. quantities to 9, 49, 99, and 299 cc. quantities of sterile broth containing 3 to 5 grams of ground beef heart in each portion the purpose of the beef heart being to promote anaerobic growth.'
The cultures were incubated at 370C. and readings made and recorded after two, four, seven and fourteen days. The results are summarized in tables 3 and 4.
The most striking feature of these tables is the high percentage of growth in samples of hog tissues, being 100 per cent from both muscle and blood. It should be noted that the percentage of anaerobic growth from live hog muscle (56 per cent) is practically '-he same as that from the muscles of slaughtered hogs (57 per cent). Table 5 shows the percentages of growth in cultures of blood in various dilutions with broth. In the dilution of 1:100 we note the highest percentage of growth, probably because the I A tube (A) containing 45 cc. of broth was inoculated with 5 cc. of blood. After thorough shaking 10 cc. of the broth and blood mixture were transferred to each of tube B, containing 40 cc. of broth, flask C, with 90 cc. of broth, and flask D, with 290 cc. of broth, and 10 cc. were discarded. By this method 1 cc. of blood was contained in each vessel, in dilutions of 1: 10, 1: 50, 1: 100, and 1: 300, respectively. The tubes were large test tubes 8 X 1 inch, and the flasks standard Erlenmeyer flasks of 150 and 500 cc. capacity. Types of bacteria found Partial identification of the bacteria isolated from the tissues and blood of hogs was attempted on the basis of morphology in the case of the aerobes and of cultural reactions in protein media in the case of the anaerobes. After the original sample cultures had been incubated fourteen days subcultures were made from them in 0.1 per cent glucose agar shakes and on plain agar slants. A portion of the broth of each culture was heated in a water bath for ten minutes at 80°C. and cultured in the same agar media. This method was followed to differentiate between strict aerobes (non-spore-bearers) and strict anaerobes (spore-bearers). Readings were recorded after one, two, three, seven and fourteen days' incubation. The aerobes were then cultured on agar slants and morphological examinations made from smears of twenty-four-hour cultures. The anaerobes were cultured by placing small pieces of agar containing anaerobic colonies in beef heart medium, brom cresol purple milk, and alkaline egg water (Kahn, 1922) and records were made after two, four, seven and twenty-four days' incubation.
One hundred and six aerobic cultures were examined. Twelve gave no growth. We realize that this method of grouping is crude, as more than one type of anaerobe might be contained in the cultured pieces of agar. The reactions in the media used, however, were usually sufficiently characteristic to determine whether the predominating anaerobes present were strongly, feebly, or non-proteolytic.
It has been suggested by several investigators (e.g., Nocard, 1895; Ficker, 1905) that the finding of bacteria in animal tissues is influenced in part by the period of time since the last ingestion of food before the sample is taken. A series of tests were therefore conducted to determine whether or not starvation of thirtysix to forty hours' duration had any bearing on the question.
Assuming that bacteria are present in the muscular and other organ tissues of an animal for a shorter or longer period if they are present in the general circulation, this second series of tests was made on samples of blood from 20 hogs. The method and technic were the same as those employed in the first test. The animals were apparently healthy and of approximately the same size, weighing from 65 to 85 pounds. They were received from the stock yards in two lots, 10 each, and the blood was drawn on the third day after their arrival. The hogs of the first lot were fed as much ground corn as they wanted to eat until the time of the operation. The second lot had one feeding of ground corn immediately after their arrival and no other food until the blood was drawn. These hogs thus had been starved ("empty stomach") for thirty-six to forty hours when the samples were taken. Both lots had plenty of water. The results are given in tables 6 and 7.
At least one sample dilution from each of the 20 hogs showed growth in twenty-four hours (100 per cent). Samples from 9 hogs yielded strict anaerobes (45 per cent). As far as the presence of bacteria is concerned there was apparently no appreciable difference between the samples from the two lots.
It is noted that the two groups of hogs gave considerable variation in the numbers of growth of several types of bacteria, but that the numbers of hogs yielding growth of certain types are almost the same for the two groups of hogs. This is due to the fact that four sample portions from each hog were cultured and that several of the portions from one hog occasionally yielded the same species. The figures in this table, therefore, do not indicate The dilution of blood samples from hogs giving the highest percentage of growth by the method employed is one between 1:50 and 1:300, probably between 1:100 and 1:300.
The high percentages of cocci and bipolar organisms might suggest invasion from the respiratory tract and the skin. The Mills and Dack (1926) have shown that the rate of destruction of staphylococci in the general circulation of rabbits is lower than that of certain in-testinal bacteria (B. typhosus, B. sporogenes), and that it is still lower in a segregated vein, in vivo, in the samne animal. We should consider the possibility that the resisting forces of the body might have a selective action on various bacteria, and it is conceivable that the generally recognized typical intestinal aerobic organisms may be more readily destroyed in the body than those of the bacterial species which we were able to isolate. From the 80 sample cultures, all of which gave aerobic growth, only 90 morphologies were observed, indicating a large proportion of pure cultures. This condition suggests a low bacterial count for the samples.
Fifteen of the 26 blood samples gave anaerobic growth (58 per cent). From the point of view of meat preservation it seems important that a variety of anaerobes was isolated from live hogs, namely, some with strong, others with feeble, and still others with non-proteolytic powers. Proteolytic anaerobes, probably, are involved in ham souring, and the fact that they may be present in the hams at the time of killing should turn the attention of the meat packing industry toward the problem of effective inhibition of growth, such as chilling and placing in curing vats as quickly as possible, rather than to elaborate attempts of prevention of more or less harmless contamination from the outside.
We do not assume that bacteria "live" and multiply in healthy tissues. Having invaded the general circulation they are probably filtered out and destroyed, or they might remain viable for a shorter or longer period (Helmholz and Millikin, 1925 Our experiments indicate nothing concerning the portals of entry and the routes of invasion, but it can hardly be doubted that bacteria have ample opportunity to gain entrance to the blood circulation of apparently healthy animals. It is true that many workers have failed to find bacteria in the samples examined, but it should be remembered that failure in isolating bacteria from a given sample is no proof of sterility. Adami (1899) has pointed out that some of the German workers have failed to find bacteria in blood samples probably because these were cultured on solid media and therefore in too high concentration of blood to overcome the bactericidal action. English and French workers, he said, generally have had better success because their cultures were made in sufficient quantities of liquid medium. It is realized, however, that much of the early work from which positive results were obtained was done before modern methods in bacteriology had been introduced, and that further work will be required to determine the source of the organisms present and their relation to environmental conditions. CONCLUSIONS 1. Cultures of the muscular tissues of slaughtered hogs showed the presence of bacteria in 77 per cent of 216 samples examined; 37 per cent of the samples contained anaerobes.
2. Cultures of the muscular tissues of healthy live hogs, rabbits, and guinea pigs showed the presence of bacteria in 83 per cent of 108 samples examined; 49 per cent of the samples contained anaerobes.
3. Cultures of the blood of healthy live hogs, rabbits, and guinea pigs showed the presence of bacteria in 84 per cent of 38 samples examined; 39 per cent of the samples contained anaerobes.
4. A brief period of starvation of hogs (for thirty-six to forty hours) had no appreciable effect on the presence of bacteria in the blood; nor on the types of bacteria found.
5. Our data show that bacteria may be isolated with considerable regularity from the blood and muscular tissues of healthy live hogs, rabbits, and guinea pigs, as well as of slaughtered hogs.
